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PRELIMINARY ABORT AND RESCUE PROCEDURES FOR APOLLO MISSION F 

VOLUME I11 - TIME-CRITICAL PROCEDURES 

By A .  L.  DuPont, J .  A. Bel l ,  and J .  D .  Alexander 

1 .0  SUMMARY 

A prel iminary LM-active abor t  procedure t h a t  r e q u i r e s  only 
70 minutes from f a i l u r e  through crew t r a n s f e r  i s  presented  f o r  t h e  
Apollo F mission t i m e - c r i t i c a l  rendezvous s i t u a t i o n s .  The abor t  
procedures ,  s tandard ized  f o r  a l l  cases ,  a r e  i n i t i a t e d  by a two-impulse 
t r a n s f e r  maneuver t o  an o f f s e t  pos i t i on  e i t h e r  ahead of or behind t h e  
CSM. The rendezvous i s  then  completed by i n i t i a t i o n  of a manual 
braking sequence. 

The 70-minute c o n s t r a i n t  from f a i l u r e  through crew t r a n s f e r  can 
be m e t  i n  most ca ses .  However, because of t h e  l a r g e  vehicle- to-vehicle  
ranges  i n  t h e  area from D O 1  p lus  50 minutes t o  phasing p l u s  35.5 minutes 
( D O 1  p lus  90 minutes)  and from phasing p l u s  70.5 minutes t o  i n s e r t i o n  
p l u s  50 minutes ( D O 1  p l u s  135 minutes t o  DO1 p l u s  240 minutes) ,  g r e a t e r  
times are r equ i r ed  or an abor t  cannot be accomplished wi th in  e l l i p t i c a l  
v e l o c i t y  l i m i t s .  Although t h i s  procedure provides  sho r t  rendezvous 
t i m e s ,  it has t h e  fol lowing inherent  disadvantages:  requirements  f o r  
extremely l a r g e  A V ' s  which extend i n  some cases  t o  approximately 5000 f p s  
t o t a l  and approximately 2500 f p s  fo r  one of t h e  two-impulse maneuvers; no 
c o n t r o l  over t h e  l i g h t i n g  a t  t h e  maneuver p o i n t s  or during t h e  f i n a l  
b rak ing;  t r a n s f e r  o r b i t s  with per icynth ions  t h a t  even tua l ly  i n t e r s e c t  
t h e  moon (al though s a f e  a l t i t u d e s  e x i s t  between t h e  two-impulse 
maneuvers); and no ground a s s i s t ance  a v a i l a b l e .  If t h e  70-minute con- 
s t r a i n t  must be met f o r  t i m e - c r i t i c a l  a b o r t s ,  t hen  s e r i o u s  cons idera t ion  
w i l l  have t o  be given t o  t h e  problems i d e n t i f i e d  i n  t h i s  pre l iminary  
p l an  be fo re  t h e  ope ra t iona l  LM t i m e - c r i t i c a l  abor t  p l an  i s  formulated.  
The problems a s soc ia t ed  wi th  t h e  70-minute c o n s t r a i n t  may a l s o  have an 
impact on t h e  vehicle- to-vehicle  maneuver ranges i n  t h e  nominal p l an .  
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2.0 INT40DUCTION 

A t i m e - c r i t i c a l  LM abor t  requirement similar t o  t h e  one i d e n t i f i e d  
by ASP0 f o r  t h e  Apollo 9 mission w a s  considered s t i l l  v a l i d  f o r  t h e  
Apollo F mission. The s ingle-poin t  f a i l u r e  involves  a malfunct ion of 
t h e  s u i t  f an  onboard t h e  LM which f o r c e s  a t i m e  c o n s t r a i n t  f o r  t h e  abor t  
of approximately 70 minutes from t h e  t i m e  of t h e  f a i l u r e  through crew 
t r a n s f e r .  I t  was apparent from t h e  d i f f e rences  between vehicle- to-  
v e h i c l e  r e l a t i v e  ranges i n  t h e  nominal rendezvous p lans  f o r  t h e  two 
missions t h a t  t h i s  70-minute requirement would be more d i f f i c u l t  t o  
r e a l i z e  f o r  t h e  F mission.  Therefore ,  t h e  purpose of t h i s  r e p o r t  i s  t o  
i d e n t i f y  t h e  t r a j e c t o r y - r e l a t e d  procedures and problems a s s o c i a t e d  wi th  
meeting t h e  70-minute c o n s t r a i n t  f o r  a LM abor t  dur ing  Mission F. 

I n  addi t ion  t o  t h e  gu ide l ines  and assumptions,  a two-impulse tech-  
nique i s  descr ibed which p l aces  t h e  LM at an o f f s e t  p o s i t i o n  e i t h e r  
ahead of or  behind t h e  CSM, based on t h e  phase angle  a t  t h e  t i m e  of t h e  
f a i l u r e .  Data a r e  presented which are based on use  of t h i s  technique 
f o r  a t i m e - c r i t i c a l  abor t  i n i t i a t e d  anytime between DO1 and approximately 
t h e  nominal TPI t ime.  The b a s i c  ob jec t ive  of t h e  d a t a  i s  t o  i d e n t i f y  
t h e  type  of t r a j e c t o r y  s i t u a t i o n s  ( A V  requirements ,  per icynth ion  a l t i -  
t u d e s ,  e t c . )  t h a t  r e s u l t  from t h e  two-impulse maneuver technique .  

LM rescue  procedures which use t h e  CSM as t h e  a c t i v e  v e h i c l e  have 
not been considered because t h a t  s i t u a t i o n  would ar ise  only a f t e r  at 
l e a s t  a double f a i l u r e  on t h e  LM, such as a systems f a i l u r e  and a LM 
propuls ion  f a i l u r e .  Also,  because t h e  A V l s  r equ i r ed  f o r  a CSM rescue  
w i l l  be e s s e n t i a l l y  t h e  same as t h e  LM abor t  A V ' s ,  t h e s e  r equ i r ed  A V ' s  
w i l l  probably be l a r g e r  t han  t h e  CSM rescue budget (approximately 
790 f p s )  i n  most a r eas .  

The nominal p r o f i l e  assumed for t h i s  r e p o r t  i s  not  t h e  most cu r ren t  
p r o f i l e ,  bu t  the  changes do not decrease s i g n i f i c a n t l y  t h e  usefu lness  
of t h e  procedure or t h e  d a t a  presented  i n  t h i s  r e p o r t .  

. 
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3.0 SYMBOLS AND D E F I N I T I O N S  

ASP0 

APS 

CDH 

C S I  

C SM 

av 

D O 1  

D P S  

F.T. 

LGC 

LM 

PC 

RCS 

SM 

SP s 

TPF 

TPI 

u t  

abo r t  

Apollo Spacecraf t  Program Off ice  

ascent  propuls ion system 

cons tan t  d i f f e r e n t i a l  he ight  ( c o e l l i p t i c )  maneuver 

c o e l l i p t i c  sequence i n i t i a t i o n  

command and s e r v i c e  modules 

v e l o c i t y  increment 

descent  o r b i t  i n s e r t i o n  

descent  propulsion system 

f u l l  t h r o t t l e  

LM guidance computer 

l u n a r  module 

p lane  change 

r e a c t i o n  con t ro l  system 

s e r v i c e  module 

s e r v i c e  propulsion system 

t e rmina l  phase f i n a l i z a t i o n  

t e rmina l  phase i n i t i a t i o n  

t r a n s f e r  angle 

nonnominal rendezvous procedure f o r  which t h e  LM 
i s  t h e  maneuvering v e h i c l e  

f i n a l  braking phase t h e  sec t ion  of t h e  rendezvous procedure from t h e  
stable o f f s e t  p o s i t i o n  t o  t h e  s t a t ionkeep ing  
d i s t a n c e  of approximately 100 f t  from t h e  CSM 
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insert ion 

off set 

phasing 

pressurized R C S  

R C S  interconnect 

rescue 

theoretical AV 

time-critical situat-m 

two-impulse transfer 

insertion maneuver in the nominal profile 

a position at the same altitude as the CSM 
but displaced ahead of or behind the CSM 

phasing maneuver in the nominal profile 

regular LM R C S  system which uses the propellant 
in the R C S  tanks 

system which burns A P S  propellant through the 
+X-axis R C S  thrusters 

nonnominal rendezvous procedure for which the 
CSM i s  the maneuvering vehicle 

Keplerian impulsive AV, for example, the TPF 
AV for the impulsive intercept velocity match 

situation for which the time from failure to 
the completion of crew transfer is consider- 
ably shorter than the normal LM lifetime, 
usually less than 2 to 3 hours 

the interval of the rendezvous procedure from 
abort initiation to the stable offset position 
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4.0 NOMINAL PROFILE, GROUND RULES, AND ASSUMPTIONS 

4 . 1  Nominal P r o f i l e  Descr ip t ion  

The t i m e - c r i t i c a l  LM abor t  p lan  presented  i n  t h i s  document i s  based 
on t h e  nominal rendezvous p r o f i l e  used i n  t h e  pre l iminary  non t ime-c r i t i ca l  
abor t  and rescue  document and i s  explained i n  d e t a i l  i n  r e fe rence  1. The 
nominal LM-active rendezvous p r o f i l e  which i s  assumed f o r  t h i s  r e p o r t  
( f i g .  1) has t h e  fol lowing c h a r a c t e r i s t i c s .  

1. The p r o f i l e  begins  wi th  a Hohmann descent  ( D O I )  as i n  t h e  luna r  
landing  mission,  bu t  t h e  powered descent  at per icynth ion  i s  not  i n i t i a t e d .  

2 .  A DPS phasing maneuver (193 f p s ,  pos igrade)  i s  appl ied  approx- 
imate ly  8' p a s t  t h e  pseudolanding s i t e  t o  p l ace  t h e  LM i n t o  a phasing 
o r b i t  215 n .  m i .  by 10 n .  m i .  
less  than  one r evo lu t ion  l a t e r ,  approximately over t h e  pseudolanding 
s i t e ) ,  t h e  r e l a t i v e  pos i t i ons  of t h e  v e h i l c e s  would be t h e  same as they  
would be  f o r  a nominal i n s e r t i o n  a f t e r  powered ascent  f o r  t h e  luna r  
landing  mission.  

Thus, a t  t h e  r e s u l t a n t  per icynth ion  ( j u s t  

3. 
r e t r o g r a d e )  i s  performed t o  p lace  t h e  LM i n  t h e  s tandard  i n s e r t i o n  o r b i t  
(30  n .  m i .  by 10  n. m i . ) ;  s t ag ing  i s  executed a t  t h e  beginning of 
i n s e r t  i on .  

A t  t h e  i n s e r t i o n  p o i n t ,  an APS i n s e r t i o n  maneuver (232 f p s ,  

4 .  A CSI maneuver, which i s  an RCS posigrade maneuver wi th  a AV 
of approximately 50 f p s ,  i s  performed e s s e n t i a l l y  a t  apocynthion of t h e  
i n s e r t i o n  o r b i t ,  h a l f  a revolu t ion  a f te r  i n s e r t i o n ;  t h e  post-CSI o r b i t  
i s  45 n.  m i .  by 30 n .  m i .  

5. Although it i s  not i nd ica t ed  f o r  any of t h e  abor t  o r  rescue  
procedures ,  a nominally-zero plane change would a c t u a l l y  be scheduled 
between CSI and CDH (approximately 90' from each) .  
maneuvers are one or two revolu t ions  a p a r t ,  t h e  PC would 'de scheduled 
e i t h e r  90' a f t e r  CSI or 90' p r i o r  t o  CDH, or a t  both of t h e s e  p o i n t s .  

I f  t h e  CSI and CDH 

6; A CDH maneuver, which i s  an RCS posigrade maneuver wi th  a AV 
of approximately 20 f p s ,  i s  performed h a l f  a r evo lu t ion  a f t e r  CSI, ap- 
proximately a t  t h e  i n s e r t i o n  Longitude; t h e  post-CDH o r b i t  i s  45 n.  m i .  
c i r c u l a r  and t h e  c o e l l i p t i c  Ah = 15  n. m i .  

7 .  A TPI maneuver, which i s  an  RCS l ine-of -s ight  maneuver wi th  a 
AV of approximately 25 f p s ,  is  performed a t  t h e  midpoint of darkness  
about 34 minutes af ter  CDH. 
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8. A TPF maneuver, which i s  an RCS maneuver wi th  a t h e o r e t i c a l  AV 
of approximately 3 1 f p s ,  i s  performed af ter  t h e  CSM has  t r a v e l e d  130' 
from TPI. 

4 .2  Ground Rules 

The ground r u l e s  used i n  t h i s  r e p o r t  provide t h e  b a s i s  f o r  genera- 
t i o n  of t h e  t i m e - c r i t i c a l  IN abor t  p l an .  
were used. 

The fol lowing ground r u l e s  

1. The r e s u l t a n t  two-impulse t r a n s f e r  maneuver must not  exceed 
approximately 26 minutes or approximately an 80" t r a n s f e r  angle  t o  s t a y  
wi th in  t h e  70-minute t o t a l  t i m e  c o n s t r a i n t .  

2 .  Minimum acceptab le  a l t i t u d e  between t h e  two-impulse maneuvers 
i s  35 000 f t  (5.76 n .  m i . )  above t h e  mean luna r  r a d i u s .  

3. Unsafe per icynth ions  are acceptab le  i f  they  do not  occur between 
t h e  two-impulse maneuvers. 

4. The c a p a b i l i t y  e x i s t s  i n  t h e  LGC t o  compute s o l u t i o n s  for t h e  
two-impulse maneuvers t o  an o f f s e t  p o s i t i o n  technique .  

5.  The LM abor t  procedure must be app l i cab le  t o  a l l  acceptab le  
e a r t h  launch times and luna r  landing s i t e s .  

6.  The procedure must be c o n s i s t e n t  wi th  system, crew, and 
ope ra t iona l  c o n s t r a i n t s .  

7 .  Onboard independence from ground a s s i s t a n c e  i s  r equ i r ed .  

8. The LM w i l l  be s taged when t h e  use  of t h e  APS i s  necessary.  

9. Staging w i l l  occur immediately p r i o r  t o  t h e  f i r s t  a t tempted 
APS burn. 

10. Pressur ized  RCS can be used when r equ i r ed .  

11. The R C S  interconnect  can be used a f t e r  an APS burn or after 
an u l l a g e  maneuver s u f f i c i e n t  t o  s e t t l e  t h e  APS p r o p e l l a n t .  

12.  No d ispers ions  or LM e r r o r s  were considered.  

13.  Out-of-plane s i t u a t i o n s  were not considered.  

1 4 .  CSM fa i lures  were not considered.  

1 5 .  Detai led braking procedures w i l l  not  be def ined .  
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4.3 Assumptions 

Vehicle  weights 

. . . . . . . . . . . . . . . . . . . .  CSM, l b  36 600 

LM unstaged,  based on half-loaded A P S ,  l b  . . .  30 500 

LM ascent  s t a g e ,  l b  . . . . . . . . . . . . . .  a 200 

AV c a p a b i l i t i e s  

SPS, f p s  . . . . . . . . . . . . . . . . . . .  790 

SMRCS, f p s  . . . . . . . . . . . . . . . . . .  130 

LM RCS, pres su r i zed ,  fps 415 

DPS, f p s  . . . . . . . . . . . . . . . . . . .  6 ooo 
A P S ,  f p s  . . . . . . . . . . . . . . . . . . .  3 000 

. . . . . . . . . . .  

Timeline for abor t  sequence 

T o t a l  t i m e ,  excluding v a r i a b l e  t r a n s f e r  t i m e ,  
min . . . . . . . . . . . . . . . . . . . . .  44 

From f a i l u r e  t o  abor t  i n i t i a t i o n ,  min . . . . .  10 

From abor t  i n i t i a t i o n  t o  second impulse . . . .  Variable  

From second impulse t o  rendezvous, rnin . . . .  1 4  

From rendezvous t o  docking, min . . . . . . . .  10 

From docking through crew t r a n s f e r ,  min . . . .  10  

Maximum continuous +-X RCS t h r u s t e r  burn l i m i t s  

. . . . . . . . . . . . . . .  +X,  unstaged,  s ee  1 5  

+ X ,  s taged ,  sec  . . . . . . . . . . . . . . . .  90 t o  100 

-X,  s e e .  . . . . . . . . . . . . . . . . . . .  30 
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5 .0  DISCUSSION OF THE TECHNIQUE 

The technique involved f o r  a l l  cases  i s  a two-impulse t r a n s f e r  of  
t h e  LM t o  a s t a b l e  o f f s e t  p o s i t i o n  which i s  a t  t h e  same a l t i t u d e  as t h e  
CSM (60 n .  m i .  above t h e  mean l u n a r  r a d i u s )  bu t  which i s  d i sp laced  
approximately 2 t o  3 n. m i .  e i t h e r  ahead of  or behind t h e  CSM. If t h e  
LM i s  a t  a phase angle  ahead of  t h e  CSM, then  t h e  o f f s e t  p o s i t i o n  w i l l  
be  ahead of t h e  CSM; i f  t h e  LM i s  at a phase angle  behind t h e  CSM, t h e n  
t h e  o f f s e t  pos i t i on  w i l l  be  behind t h e  CSM. 
p r e s e n t a t i o n ,  it w a s  assumed t h a t  t h e  o f f s e t  p o s i t i o n  w a s  ahead of t h e  
CSM from D O 1  t o  i n s e r t i o n  and w a s  behind t h e  CSM from i n s e r t i o n  t o  TPI. 
No s i g n i f i c a n t  AV o r  t i m e  savings r e s u l t  f r o m t h e  use  of one o f f s e t  
r a t h e r  t han  t h e  o the r .  The t r a n s f e r  angle  ( u t )  varies from 10' t o  34O0, 
wi th  t r a n s f e r  time v a r i a t i o n s  between 3 and 113 minutes.  

For convenience i n  d a t a  

The use  of an o f f s e t  p o s i t i o n  w a s  chosen t o  i n s u r e  adequate spacing 
between t h e  two veh ic l e s  while  t h e  LM reduced t h e  extremely high r e l a t i v e  
v e l o c i t i e s  of  up t o  approximately 2000 f p s  t h a t  can occur a t  t h e  second 
impulse.  
mately 3 n.  m i .  

The presented d a t a  a r e  based on an o f f s e t  p o s i t i o n  of approxi- 

For t h e  s t a b l e  o f f s e t  p o s i t i o n ,  a c l o s i n g  r a t e  of approximately 
50 f p s  w i l l  i n i t i a t e  a manual braking sequence t h a t  w i l l  complete t h e  
rendezvous. The f i n a l  approach w i l l  .take approximately 1 4  minutes t o  
complete rendezvous ( i . e . ,  t o  reach a s t a t ionkeep ing  p o s i t i o n  approximately 
100 f t  from t h e  CSM) and w i l l  r e q u i r e  a t h e o r e t i c a l  AV of approximately 
80 f p s .  
of 130 f p s  (an  ac tua l  ope ra t iona l  AV cos t  of approximately 200 f p s )  i n  
a d d i t i o n  t o  t h a t  r equ i r ed  f o r  t h e  two-impulse maneuvers. 

Therefore,  t h e  f i n a l  approach w i l l  r e q u i r e  a t h e o r e t i c a l  AV 

Although parametr ic  d a t a  f o r  t h i s  technique i s  included f o r  a l l  
p o i n t s  from D O 1  t o  approximately t h e  nominal TPI t i m e ,  t h e  two-impulse 
maneuver t o  an o f f s e t  p o s i t i o n  w i l l  probably not  be used from D O 1  t o  
DO1 p lus  20 minutes. The technique t h a t  i s  used w i l l  probably be some 
type  of d i r e c t  r e t u r n  similar t o  what i s  recommended i n  r e fe rence  2 f o r  
t h e  i n t e r v a l  from DO1 t o  DO1 p lus  5 minutes.  



9 

6.0 RESULTS AND DISCUSSION OF THE DATA 

Although t h e  rendezvous procedure i s  t h e  same f o r  a l l  cases ,  t h e  
r e s u l t s  and d i scuss ion  of t h e  da ta  have been d iv ided  i n t q  s e c t i o n s  which 
r ep resen t  t h e  a reas  between t h e  major maneuvers i n  t h e  nominal p r o f i l e  
excluding t h e  plane-change maneuver and t h e  t e rmina l  phase maneuvers. 
Parametr ic  d a t a  are presented  i n  f i g u r e s  2 through 6 f o r  t r a n s f e r  angles  

of up t o  340' wi th  abor t  p o i n t s  t h a t  occur wi th in  each s e c t i o n .  The 
f i g u r e s  i n d i c a t e  t h e  r equ i r ed  t o t a l  AV f o r  t h e  two-impulse phase of t h e  
t r a n s f e r  as w e l l  as t h e  per icynthion a l t i t u d e s  f o r  t h e  t r a n s f e r  o r b i t s  
as a func t ion  of t h e  t r a n s f e r  angle.  The AV curves are te rmina ted  e i t h e r  
because t h e  a l t i t u d e s  along t h e  t r a n s f e r  t r a j e c t o r y  are unsafe  or because 
t h e  t r a n s f e r  o r b i t s  are parabol ic  or hyberbol ic  . Representa t ive  r e l a t i v e  
motion diagrams are presented  i n  f i g u r e s  7 through 11 f o r  a t y p i c a l  abor t  
i n  each i n t e r v a l .  

a 

It i s  assumed t h a t  any attempted nominal maneuver w i l l  be  nominally 
performed; t h a t  i s ,  a propuls ion f a i l u r e  i n  combination wi th  t h e  t i m e -  
c r i t i c a l  f a i l u r e  i s  not  considered. 
technique  i s  similar i n  a l l  cases .  For t h i s  reason ,  only one p l o t  has  
been included t h a t  shows t h e  r e l a t i v e  motion dur ing  t h i s  f i n a l  phase f o r  
t h e  o f f s e t  p o s i t i o n s  ahead of t he  CSM and behind t h e  CSM ( f i g .  1 2 ) .  The 
f i n a l  phase begins  wi th  a closing maneuver of approximately 50 f p s  and 
r e q u i r e s  a t h e o r e t i c a l  t o t a l  braking AV of approximately 80 f p s .  
t h e  phase requi red  approximately 130 f p s  t o  complete ( an  a c t u a l  ope ra t iona l  
AV cos t  of approximately 200 f p s )  and t akes  approximately 1 4  minutes from 
t h e  o f f s e t  p o s i t i o n  t o  a t t a i n  the  s ta t ionkeeping  d i s t a n c e  of 100 f e e t .  

The f i n a l  braking phase f o r  t h i s  

Thus, 

I n  f i g u r e  1 3  i s  shown a breakdown of t h e  AV's r equ i r ed  t o  complete 
t h e  two-impulse p o r t i o n  of t h e  technique as a func t ion  of t ime from D O I .  
A t r a n s f e r  angle  of 80° w a s  chosen because it r e p r e s e n t s  a t r a n s f e r  t i m e  
of approximately 26 minutes which, when combined wi th  t h e  44 minutes 
necessary f o r  crew procedures and f i n a l  brak ing ,  i s  t h e  maximum al lowable 
t r a n s f e r  t i m e  t h a t  s t i l l  meets t he  70-minute c o n s t r a i n t  caused by t h e  
su i t - f an  f a i l u r e .  

Although some of t h e  two-impulse burns shown i n  f i g u r e  1 3  are very  
l a r g e ,  t hey  fall. w i th in  t h e  AV c a p a b i l i t y  of t h e  DPS and t h e  A P S .  How- 
ever, i n  t h e  reg ions  between approximately 50 t o  90 minutes and approxi- 
mately 135 t o  240 minutes after D O 1  ( i . e . ,  D O 1  p lus  50 minutes t o  phasing 
p l u s  35.5 minutes and phasing plus  70.5 minutes t o  i n s e r t i o n  p lus  
50 minu tes ) ,  t h e  70-minute cons t r a in t  cannot be met because e i t h e r  a l t i -  
t u d e s  along t h e  t r a n s f e r  t r a j e c t o r y  a r e  unsafe  or because t h e  t r a n s f e r  

a The appendix p resen t s  sample cases  and i n s t r u c t i o n s  f o r  i n t e r p r e -  
t a t i o n  of figures 2 through 6. 
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o r b i t s  a r e  parabol ic  or hyperbol ic .  A success fu l  abor t  can be accom- 
p l i shed  wi th in  the  f i r s t  reg ion  and during approximately t h e  f irst  
10 minutes of t he  second reg ion  i f  t h e  al lowable t i m e  i s  increased  beyond 
70 minutes ( i . e . ,  a longer  t r a n s f e r  t i m e  i s  a l lowed) .  
maneuver t o  t h e  r equ i r ed  o f f s e t  p o s i t i o n  i s  not  p o s s i b l e  from approxi- 
mately 1 4 5  minutes t o  240 minutes a f t e r  D O I ,  r e g a r d l e s s  of t h e  t r a n s f e r  
t i m e .  Therefore ,  during t h e  nominal p r o f i l e ,  t h e r e  i s  a combined t i m e -  
span of approximately 150 minutes i n  which t h e  70-minute l i m i t  cannot 
be m e t  and a time-span of approximately 90 minutes i n  which no two- 
impulse-type abort  can be accomplished. Because t h e  main ob jec t ive  of 
t h i s  a n a l y s i s  was t o  de f ine  abor t  procedures f o r  t i m e - c r i t i c a l  s i t u a -  
t i o n s  t h a t  r equ i r e  less than  approximately 70 minutes from f a i l u r e  t o  
crew t r a n s f e r  completion, a t tempts  were not made t o  design three-impulse 
o r  four-impulse techniques which might work i n  t h i s  f i n a l  i n t e r v a l .  
Such techniques would probably r e q u i r e  nea r ly  as long t o  complete 
rendezvous as the  corresponding nont ime-cr i t ica l  t echniques .  

A two-impulse 

6 . 1  Between D O 1  and Phasing 

I n  t h e  i n t e r v a l  between D O 1  and phasing,  t h e  two-impulse maneuver 
t o  an o f f se t  pos i t i on  probably w i l l  not be used f o r  t h e  area between 
DO1 and D O 1  plus 20 minutes.  For t h e  remainder of t h e  i n t e r v a l ,  a 
success fu l  abort  t h e o r e t i c a l l y  can be accomplished i f  enough t i m e  i s  
allowed. However, t h e  70-minute c o n s t r a i n t  d i c t a t e d  by t h e  su i t - f an  
f a i l u r e  cannot be m e t  f o r  abor t s  i n i t i a t e d  between approximately 
DO1 p lus  50 minutes and t h e  nominal t i m e  of t h e  phasing maneuver. 

I n  f i g u r e  2 ,  it i s  a l so  shown t h a t  t h e  t o t a l  necessary  AV can 
become l a r g e  fo r  small u t ' s  and f o r  a b o r t s  i n i t i a t e d  c l o s e  t o  phasing.  
Many of t h e  t r a n s f e r  o r b i t s  have per icynth ions  as low as 200 n .  m i .  
below t h e  moon's su r f ace .  A r ep resen ta t ive  re la t ive  motion diagram 
f o r  an abor t  i n i t i a t ed  i n  t h e  i n t e r v a l  between DO1 and phasing i s  
presented  i n  f igu re  7. 

6 .2  Between Phasing and I n s e r t i o n  

Aborts can b e  accomplished between t h e  phasing maneuver and phasing 
p lus  80 minutes i f  enough t ime i s  allowed between f a i l u r e  and completion 
of crew t r a n s f e r  ( f i g .  3 ) .  However, t h e  70-minute c o n s t r a i n t  cannot 
be m e t  i n  t h e  i n t e r v a l  between phasing and phasing p lus  30 minutes and 
between phasing p lus  70 minutes and phasing p l u s  80 minutes.  An abor t  
cannot be accomplished wi th  t h i s  technique i n  t h e  i n t e r v a l  between 
phasing p l u s  80 minutes and i n s e r t i o n .  
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The r e s u l t s  presented  i n  f i g u r e  3 a l s o  i n d i c a t e  t h a t  t h e  t o t a l  
AV necessary  f o r  an abor t  a f t e r  phasing i s  cons iderably  h igher  t han  
what i s  necessary f o r  abor t s  a f t e r  D O 1  f o r  t h e  smaller u t ' s .  
many of  t h e  t r a n s f e r  o r b i t s  have per icynth ions  as low as 200 n .  m i .  
below t h e  moon's su r f ace .  A r ep resen ta t ive  re la t ive  motion diagram 
f o r  an abor t  i n i t i a t e d  i n  t h e  interval  between phasing and i n s e r t i o n  i s  
presented  i n  f i g u r e  8.  

Again, 

6 .3  Between I n s e r t i o n  and CSI 

I n  t h e  i n t e r v a l  between i n s e r t i o n  and CSI, a b o r t s  can be  accomplished 
between i n s e r t i o n  p lus  40 minutes and CSI i f  enough t i m e  i s  allowed 
between f a i l u r e  and completion of crew t r a n s f e r .  The in te rva l  dur ing  
which t h e  70-minute c o n s t r a i n t  can be  m e t  i s  l i m i t e d  between i n s e r t i o n  
p lus  50 minutes and CSI. For most  of t h e  i n t e r v a l  from i n s e r t i o n  t o  
i n s e r t i o n  p l u s  40 minutes ,  t h e  two-impulse maneuver t o  t h e  o f f s e t  
p o s i t i o n  abor t  cannot be accomplished wi th  t h i s  technique.  

I n  t h e  i n t e r v a l  between i n s e r t i o n  and CSI, completion of t h e  two- 
impulse maneuvers r e q u i r e s  l a r g e  t o t a l  AV's ( f i g .  4 ) .  Also i n  t h i s  
i n t e r v a l ,  t h e  per icynth ions  of the  t r a n s f e r  o r b i t s  r a r e l y  g e t  below 
t h e  minimum acceptab le  a l t i t u d e  of 5.76 n .  m i . ,  and only a f e w  are 
below t h e  l u n a r  su r face .  A r ep resen ta t ive  r e l a t i v e  motion diagram 
f o r  an abor t  i n i t i a t e d  i n  t h i s  region i s  presented  i n  f i g u r e  9 .  

6.4 Between CSI and CDH 

Theore t i ca l ly ,  abo r t s  can be accomplished wi th in  t h e  e n t i r e  i n t e r v a l  
between CSI and CDH, probably because t h e  LM and t h e  CSM a r e  r e l a t i v e l y  
c l o s e  t o g e t h e r .  Data presented  i n  f i g u r e  5 i n d i c a t e  t h a t  l a r g e  AV's 
are necessary for t h e  smaller  t r a n s f e r  angles .  However, a l l  t h e  t r a n s f e r  
o r b i t s  have sa fe  per icynth ion  a l t i t u d e s .  A r e p r e s e n t a t i v e  r e l a t i v e  
motion diagram f o r  an abor t  i n i t i a t e d  wi th in  t h e  i n t e r v a l  between CSI 
and CDH i s  presented  i n  f i g u r e  1 0 .  

6.5 Between CDH and Approximately t h e  Nominal TPI Time 

Data presented  i n  f i g u r e  6 show t h a t  an abor t  i n i t i a t e d  a t  a l l  
p o i n t s  i n  t h e  i n t e r v a l  between CDH and approximately t h e  nominal TPI 
t i m e  t h e o r e t i c a l l y  can meet t h e  70-minute t i m e  c o n s t r a i n t  and a l s o  t h a t  
t h e  t r a n s f e r  o r b i t s  have safe per icynth ions .  However, t h e  t o t a l  AV's 
r equ i r ed  are about h a l f  of t hose  r equ i r ed  f o r  t h e  previous i n t e r v a l .  
A r e p r e s e n t a t i v e  r e l a t i v e  motion diagram of an abor t  i n i t i a t e d  i n  t h e  
i n t e r v a l  between CDH and approxim.ately t h e  nominal TPI t i m e  i s  presented  
i n  f i g u r e  11. 
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7.0 CONCLUSIONS 

The procedure discussed i n  t h i s  r e p o r t  w a s  chosen because t h e r e  i s  
no o the r  known workable procedure a v a i l a b l e  t h a t  can produce usable  r e -  
s u l t s  f o r  t h e  t i m e - c r i t i c a l  s i t u a t i o n s  considered;  t h a t  i s ,  i n  most 
ca ses ,  t i m e - c r i t i c a l  abor t s  t h e o r e t i c a l l y  can be accomplished by use  of 
t h e  assumed procedure.  However, t h i s  procedure i s  not only unable  t o  
meet t h e  70-minute cons t r a in t  i n  a l l  i n t e r v a l s ,  but  a l s o  cannot always 
provide a t i m e - c r i t i c a l  abor t  c a p a b i l i t y  r ega rd le s s  of t r a n s f e r  t i m e .  

The 70-minute t i m e  du ra t ion  from t h e  f a i l u r e  t o  completion of crew 
t r a n s f e r  t h e o r e t i c a l l y  can be met f o r  t h e  i n t e r v a l s  from D O 1  t o  D O 1  
p l u s  50 minutes ,  from phasing p lus  35.5 minutes t o  phasing p l u s  70 .5  min- 
u t e s  ( D O 1  p l u s  90 minutes t o  D O 1  p lus  135 minu tes ) ,  and from i n s e r t i o n  
p lus  50 minutes ( D O 1  p lus  240 minutes)  t o  t h e  nominal TPI t i m e .  
fol lowing condi t ions must be accepted i f  t h e  70-minute t ime c o n s t r a i n t  
i s  maintained: high AV's (up t o  approximately 5000 f p s ) ;  high c los ing  
r a t e s  a t  t h e  second impulse; no l i g h t i n g  c o n t r o l  during maneuvers and 
t h e  f i n a l  braking phase;  t r a n s f e r  o r b i t s  t h a t  impact t h e  moon ou t s ide  
t h e  two-impulse t r a n s f e r  i n t e r v a l ;  and, t r a n s f e r  t imes l e s s  t han  about 
26 minutes ( i . e . ,  an u t  of less than  approximately 80~). 

The 

Theore t i ca l ly ,  a t i m e - c r i t i c a l  abor t  a l s o  can be accomplished from 
D O 1  p lus  50 minutes t o  phasing p l u s  35.5 minutes ( D O 1  p l u s  90 minutes)  
and from phasing p lus  70.5 minutes t o  phasing p lus  80.5 minutes ( D O 1  
p lus  135 minutes t o  D O 1  p lus  1 4 5  minutes)  i f  longer  t r a n s f e r s  a r e  used.  
Within t h e s e  i n t e r v a l s ,  t h e  70-minute t ime c o n s t r a i n t  cannot be met. 

For t h e  i n t e r v a l  between phasing p l u s  80.5 minutes and i n s e r t i o n  
p l u s  50 minutes ( D O 1  p lus  1 4 5  minutes t o  D O 1  p lus  240 minu tes ) ,  a b o r t s  
which use  t h i s  t i m e - c r i t i c a l  procedure cannot be accomplished s i g n i f i -  
c a n t l y  e a r l i e r  than  t h e  corresponding nont ime-cr i t ica l  procedure l i s t e d  
i n  r e fe rence  2. A summary of t h e  descr ibed  i n t e r v a l s  i s  presented  i n  
f i g u r e  1 4 .  

A CSM rescue i s  not  considered i n  t h i s  document because a double 
fai1ur.e on t h e  LM i s  requi red  t o  o b t a i n  a rescue  s i t u a t i o n .  However, 
if a rescue  were involved,  t h e  r e s u l t a n t  A V ' s  probably would be s i m i l a r  
t o  t hose  f o r  t he  LM procedure.  Therefore ,  t h e  f u e l  budget f o r  rescue  
(approximately 790 f p s )  makes rescue impossible  wi th in  t h e  r equ i r ed  
t ime f o r  most of t h e  i n t e r v a l s  cons idered .  

I n  summary, t h e  t i m e - c r i t i c a l  procedure presented  i n  t h i s  document 
i s  t h e  only  procedure known t o  accomplish t i m e - c r i t i c a l  a b o r t s .  How- 
eve r ,  i t  i s  not known i f  t h i s  procedure i s  acceptab le  from an  opera- 
t i o n a l  viewpoint. Therefore ,  i t  i s  recommended t h a t  a t tempts  be made 
t o  develop a procedure f o r  reducing o r  e l imina t ing  the  t i m e - c r i t i c a l  
s i t u a t i o n .  If t h a t  i s  not  p o s s i b l e ,  t h e  procedure recommended i n  t h i s  
document w i l l  have t o  be developed furt';.,er,prior t o  use .  
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APPENDIX 

SPECIFIC EXAMPLES THAT ILLUSTRATE THE USE 

OF THE FIGURES PRESENTED FOR THE 

TWO-IMPULSE TIME-CRITICAL ABORT TECHNIQUE 

Two s p e c i f i c  examples are presented i n  t h i s  apprndix t o  i l l u s t r a t e  
t h e  use of t h e  f i g u r e s  presented f o r  t h e  two-impulse maneuver t o  a 
3-n. m i .  o f f s e t  p o s i t i o n  technique. Case 1 i s  a t i m e - c r i t i c a l  s i t u a t i o n  
which i s  discovered 20 minutes after D O 1  and which r equ i r e s  crew t r a n s f e r  
t o  be completed wi th in  70 minutes from t h e  t i m e  of t h e  f a i l u r e .  The 
s i t u a t i o n  of case  2 has  t h e  same f a i l u r e  t ime as case  1 bu t  r e q u i r e s  
crew t r a n s f e r  t o  be  completed wi th in  t h e  s h o r t e s t  t i m e  p o s s i b l e  from t h e  
t i m e  of f a i l u r e .  A copy of f i g u r e  2 has been included t o  i l l u s t r a t e  t h e  
p e r t i n e n t  d a t a  f o r  t h e  two cases .  

CASE 1 

The p e r t i n e n t  d a t a  are as follows f o r  a f a i l u r e  t h a t  i s  discovered 
20 minutes a f t e r  D O 1  and t h a t  r equ i r e s  crew t r a n s f e r  t o  be  completed 
w i t h i n  70  minutes a f t e r  t h e  t ime of t h e  fa i lure .  

1. From s e c t i o n  4.3,  under " t imel ine  f o r  abor t  sequence", 44 min- 
u t e s  are r equ i r ed  f o r  crew procedures exc lus ive  of t h e  t ime between t h e  
two-impulse maneuvers. 

2 .  Transfer t i m e  = t o t a l  t i m e  - 44 minutes;  t h e r e f o r e ,  t h e  t i m e  
between t h e  two-impulse maneuvers i s  26 minutes .  

3. The s o l i d  v e r t i c a l  l i n e ,  which i n d i c a t e s  a t r a n s f e r  t i m e  of 
26 minutes ,  corresponds t o  a t ransfer  angle  ( u t )  of approximately 80°. 

4. From s e c t i o n  4.3, under " t imel ine  f o r  abor t  sequence", 10  min- 
u t e s  are r equ i r ed  from t h e  t i m e  of t h e  f a i l u r e  t o  abor t  i n i t i a t i o n ;  
t h e r e f o r e ,  abo r t  i n i t i a t i o n  occurs a t  30 minutes a f te r  DOI. 
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I 3. The point  a t  which t h e  dashed v e r t i c a l  l i n e  i n t e r s e c t s  t h e  AV 
curve f o r  an abort  i n i t i a t e d  a t  D O 1  p l u s  30 minutes i n d i c a t e s  t h a t  t h e  

~ t o t a l  AV requi red  f o r  t h e  two-impulse maneuvers i s  approximately 795 f p s .  

5. The point  at which t h e  s o l i d  v e r t i c a l  l i n e  i n t e r s e c t s  t h e  AV 
curve f o r  an abort  i n i t i a t e d  at D O 1  p l u s  30 minutes i n d i c a t e s  t h a t  t h e  
t o t a l  AV requi red  for t h e  two-impulse maneuvers i s  approximately 480 f p s .  

6.  The point  at which t h e  s o l i d  v e r t i c a l  l i n e  i n t e r s e c t s  t h e  t r a n s -  
f e r  o r b i t  per icynth ion  curve i n d i c a t e s  t h a t  t h e  per icynth ion  of t h e  
t r a n s f e r  o r b i t  i s  approximately 20 n .  m i .  below t h e  luna r  su r face .  

I n  summary, t h e  fol lowing t r a j e c t o r y  d a t a  a r e  obtained f o r  case  1. . 
T i m e  between t h e  two-impulse maneuvers, min . . .  26 

Transfer  angle ,  deg . . . . . . . . . . . . . . .  80 

T o t a l  AV f o r  t h e  two-impulse maneuvers, f p s  . . .  480 

Pericynthion a l t i t u d e  of t r a n s f e r  o r b i t  , 
n . m i .  . . . . . . . . . . . . . . . . . . . .  -20 

CASE 2 

The pe r t inen t  da t a  a r e  as fol lows f o r  a f a i l u r e  t h a t  i s  discovered 
20 minutes af ter  D O 1  and t h a t  r equ i r e s  crew t r a n s f e r  t o  be completed 
wi th in  t h e  s h o r t e s t  t i m e  p o s s i b l e  from t h e  t i m e  of t h e  f a i l u r e .  

1. From s tep  2 of case  1, t h e  t h e o r e t i c a l  minimum t i m e  occurs  when 
t h e  t ime between t h e  two-impulse maneuvers i s  zero .  However, t h e  AV 
curve f o r  an abort  i n i t i a t e d  30 minutes a f te r  D O 1  reaches only t o  a 
minimum t r a n s f e r  angle  of 30' (dashed v e r t i c a l  l i n e ) .  Therefore ,  t h e  
minimum t i m e  from t h e  f a i l u r e  through completion of crew t r a n s f e r  occurs  
when t h e  30' t r a n s f e r  i s  used. 

2 .  From the  h o r i z o n t a l  t ime s c a l e ,  t h e  t r a n s f e r  t i m e  f o r  t h e  30' 
t r a n s f e r  angle  i s  approximately 11 minutes;  t h e r e f o r e ,  t h e  t o t a l  t i m e  i s  
approximately 55 minutes.  

4 .  The point  at which t h e  dashed v e r t i c a l  l i n e  i n t e r s e c t s  t h e  
t r a n s f e r  o r b i t  per icynthion curve i n d i c a t e s  t h a t  t h e  per icynth ion  of t h e  
t r a n s f e r  o r b i t  i s  approximately 85 n .  m i .  below t h e  lunar  s u r f a c e .  

. 
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I n  summary, t h e  fol lowing t r a j e c t o r y  data a r e  obta ined  

T i m e  between t h e  two-impulse maneuvers, min 

Transfer  angle ,  deg . . . . . . . . . . . 
T o t a l  t i m e ,  min . . . . . . . . . . . . . 
T o t a l  AV f o r  two-impulse maneuvers, f p s  . 
Per icynth ion  a l t i t u d e  of  t r a n s f e r  o r b i t ,  

n .  m i .  . . . . . . , , , . . . . . . . 

f o r  case  2.  
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Figure 2. - Time-critical abort during Hohmann descent by maneuvering LM to 3-nautical mile Offset 
position ahead d CSM. 
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